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Abbreviations 
 
2D: two-dimensional 
2DSTE: two-dimensional speckle-tracking echocardiography 
3D: three-dimensional 
3DS: three-dimensional strain 
3DSTE: three-dimensional speckle-tracking echocardiography 
AP2CH: apical 2-chamber view 
AP4CH: apical 4-chamber view 
ACE: angiotensin-converting enzyme 
Ao: ascending aorta 
AS: area strain 
CK: creatine kinase 
CS: circumferential strain 
DBP: diastolic blood pressure 
DD: diastolic diameter of the ascending aorta 
DS: systolic diameter of the ascending aorta 
EDV: end-diastolic volume 
EF: ejection fraction  
ESV: end-systolic volume 
HCM: hypertrophic cardiomyopathy 
LA: left atrium 
LS: longitudinal strain 
LV: left ventricular 
LVOT: left ventricular outflow tract 
’MAGYAR’: ’Motion Analysis of the heart and Great vessels bY three-dimensionAl 
speckle-tRacking echocardiography’ 
MEDT: maximal end-diastolic thickness 
NCCM: noncompaction cardiomyopathy 
PTSMA: percutaneous transluminal septal myocardial ablation 
RA: right atrium 
RS: radial strain 
RV: right ventricle 
RT3DE: real-time three-dimensional echocardiography 
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SBP: systolic blood pressure 
SD: standard deviation 
STE: speckle-tracking echocardiography 
WMS: wall motion score 
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1. Introduction  
 
Measurement of left ventricular (LV) function and regional wall motion analysis of the 
LV is one focus of cardiac ultrasound technology. For decades, two-dimensional (2D) and 
Doppler echocardiography have played an essential role in evaluating left ventricular (LV) 
function. Measurements of LV ejection fraction (EF) as well as the visual analysis of 
myocardial wall motion have significant interobserver variability in the evaluation of global 
and regional LV performance. Just over a decade ago, speckle-tracking echocardiography 
(STE), a method based on tracking of speckle patterns created by interference of the 
ultrasound beams in the myocardium became available and was proposed (1, 2), then 
validated (3-5) as an alternative tool for measuring myocardial function. STE enables more 
accurate measurements of LV dimensions and strain parameters and has potential to be used 
in the clinical practice for quantifying myocardial strain (3). Measurement of regional 
deformation of the myocardium has been applied as an objective methodology for the 
assessment of regional myocardial function. Regional strain and strain-rate estimation with 
tissue Doppler imaging based on tissue velocity was first applied to assess regional wall 
deformation (5-8). However, strain and strain rate can be accurately estimated only at regions 
parallel to the ultrasound beam due to angle dependence of the Doppler method (9). STE is 
based on a B-mode image, so it is angle independent of the ultrasound beam. STE has been 
used to assess LV function and regional wall motion abnormalities (10), diastolic function 
(11), and cardiac dyssynchrony to predict response for cardiac resynchronization therapy (12, 
13). However, currently available STE methodology has limitations due to its 2D imaging-
based method. Wall deformations are three-dimensional (3D), which affects tracking 
accuracy. Therefore, more accurate calculation of LV strain requires an advanced technology 
that uses a 3D tracking system.  
 
Three-dimensional (3D) echocardiography has been applied to assess LV volume and 
mass (14-18) and LV global and regional wall motion, which is based on time-volume 
analysis of global and segmental LV volumes (19). Three-dimensional speckle-tracking 
echocardiography (3DSTE) is a novel non-invasive imaging modality. 3D databases are 
collected digitally from the heart or a region of the heart with ECG gating using a special 
echocardiography device and so called matrix transducers. The resulting ‘echo mist’ can be 
processed with special online or offline softwares later. 3DSTE creates a spatial model of the 
heart chambers with 3D tracing of certain pixels (speckles), enabling quantitative analysis of 
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changes in volumes during cardiac cycles as well as evaluation of global and regional wall 
motions. The method was introduced in Hungary in 2012 (20). 
 
In the normal heart, the LV base rotates clockwise while the apex rotates 
counterclockwise during systole, producing a ‘towel-wringing’ motion of the heart. The net 
difference between the LV base and LV apex is called ‘net twist angle’ (21). The LV twist 
represents a phenomenon that links systolic contraction with diastolic relaxation (22). 
However, little is known about the factors affecting LV rotational mechanics, even in healthy 
subjects.  
There is an interaction between the LV, as a pump, and the vascular system, as a load, 
which plays a crucial role in determining cardiac output (23). The normal human aorta is not a 
stiff tube, but is characterized by elastic properties (24). Aortic stiffness describes the elastic 
resistance the aorta sets against its distension, while the inverse of stiffness is compliance 
(distensibility), which describes the ease of systolic aortic expansion (24, 25). 
Echocardiography can be used for non-invasive evaluation of both aortic elastic properties 
and rotational mechanics. Recently, 3DSTE was found to be feasible for the assessment of LV 
rotational parameters (22, 26).  
Noncompaction cardiomyopathy (NCCM) is a rare congenital heart disease. It 
develops as a consequence of absent or incomplete myocardial compaction during embryonic 
morphogenesis (27, 28). Echocardiography is the standard diagnostic tool for NCCM, and 
Jenni et al. (28) proposed diagnostic criteria based on end-systolic ratio of noncompacted to 
compacted layers above 2 with evidence of direct blood flow from the ventricular cavity into 
deep intertrabecular recesses by color Doppler. Cardiac MRI is useful to confirm or rule out 
NCCM when the apex is difficult to visualize. Normally, compaction progresses from the 
epicardium to the endocardium, and from the base toward the apex of the heart, therefore, this 
disease mainly affects the endocardium and the apex of the heart (29). Prognostic significance 
of NCCM is that it is often accompanied by the early development of systolic or diastolic 
ventricular dysfunction, which may lead to even heart failure, and the incidence of malignant 
arrhythmia is also increased in this patient population. Hypertrabecularization of the 
myocardium significantly increases the incidence of systemic embolization as well (30). 
Hungarian literature regarding the disease is limited (29, 31, 32). Van Dalen et al. were the 
first using 2DSTE to demonstrate that the direction of LV basal rotation and that of LV apical 
rotation are the same, resulting in the near absence of LV twist in NCCM patients, which they 
called as ‘LV solid/rigid body rotation’ (33). 
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In a recent volumetric real-time three-dimensional echocardiographic (RT3DE) study, 
both noncompacted and compacted LV segments were found to have comparably reduced 
regional LV systolic function (34). These results suggest that systolic LV dysfunction 
observed in NCCM is not conﬁned to noncompacted LV segments (34). 
Hypertrophic cardiomyopathy (HCM) is a complex, relatively common genetic 
cardiac disease, which is heterogeneous with respect to gene mutations, clinical symptoms, 
prognosis, and treatment strategies (35). HCM represents a generalized myopathic process 
affecting both ventricular and atrial myocardium (36). Most of the patients are in steady 
condition, although HCM is known as one of the most common cause of sudden death in 
juvenile patients (35). HCM is characterized by excessive asymmetric LV hypertrophy 
involving primarily the interventricular septum (35). It is known, that diastolic LV 
dysfunction is more common in HCM than systolic dysfunction. Currently, only a few studies 
are available regarding the usefulness of 3DSTE in HCM (22, 37). 
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2. Aims 
 
To evaluate correlations between echocardiographic aortic elastic properties and LV 
rotational mechanics in healthy subjects. 
 
To demonstrate the usefulness of 3DSTE in the assessment of the near absence of LV twist, 
called as ‘LV solid/rigid body rotation’ in a NCCM patient. 
 
To evaluate different contributions of noncompacted and compacted LV segments to global 
LV dysfunction by 3DSTE-derived strain parameters in NCCM. 
 
To compare global and regional LV volumes and function by 2D echocardiography and 
3DSTE in NCCM and to assess LV rotational mechanics in a series of NCCM patients by 
3DSTE. 
 
To demonstrate the possible clinical utility of 3DSTE in the evaluation of septal strain 
changes in obstructive HCM patients after percutaneous transluminal septal myocardial 
ablation (PTSMA). 
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3. Methods 
Patient population (general considerations). All healthy subjects and patients have been 
included in the MAGYAR-Healthy Study and MAGYAR-Path Study (Motion Analysis of 
the heart and Great vessels bY three-dimensionAl speckle-tRacking echocardiography in 
Healthy subjects and in Pathological cases). These studies have been organized at the 2nd 
Department of Medicine and Cardiology Center, University of Szeged, Hungary to evaluate 
usefulness, diagnostic and prognostic values of 3DSTE-derived volumetric, strain, rotational 
etc. parameters in healthy volunteers as well as in pathological cases (’Magyar’ means 
’Hungarian’ in Hungarian language).  
NCCM and HCM were defined regarding current guidelines (28, 38). The following 
echocardiographic criteria were used for NCCM (Figure 1a, 1b): 
(1) Excessively thickened LV myocardial wall with 2-layered structure comprising of a 
compacted layer on the epicardial side and a noncompacted layer with prominent 
trabeculations and deep intertrabecular recesses on the endocardial side. 
(2) Noncompacted/compacted myocardium thickness ratio is > 2 measured at the moment 
of maximal thickness in end-systole. 
(3) Color Doppler evidence of deep intertrabecular recesses communicating with the LV 
cavity. 
(4) Absence of coexisting cardiac anomalies. 
 
Figure 1a. Typical two-dimensional echocardiographic apical four-chamber (A) and 
two-chamber (B) views demonstrating prominent trabeculations (white arrows) and 
intertrabecular recesses (dashed arrows) in a patient with typical features of 
noncompaction cardiomyopathy. 
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Figure 1b. Typical two-dimensional echocardiographic apical two-chamber (A) and 
four-chamber (B) views demonstrating prominent trabeculations (white arrows) and 
intertrabecular recesses (dashed arrows) with Color Doppler echocardiography 
demonstrating  communication with the left ventricular cavity in a patient with 
noncompaction cardiomyopathy. 
 
In case of all patients, complete 2D Doppler echocardiography study was performed with 
3DSTE measurements. Healthy volunteers had no disease or condition that may influence the 
results. Informed consent was obtained from each participant, and the study protocol compiles 
with the Declaration of Helsinki (1975) and has been approved by the Institutional Review 
Board. 
 
Transthoracic echocardiography. All subjects underwent a complete 2D transthoracic 
Doppler echocardiographic study using a Toshiba ArtidaTM echocardiography equipment 
(Toshiba, Tokyo, Japan) with a PST-30SBP (1-5 MHz) phased-array transducer in left lateral 
decubitus position from multiple windows. All echocardiographic studies were digitally 
stored and evaluated, the examiner was blinded to the clinical data. All echocardiographic 
measurements were averaged from 3 heartbeats. M-mode echocardiography was used to 
measure LV internal dimensions. LV diameters, volumes and EF were measured using the 
Teichholz’s formula. In case of NCCM, the systolic performance of compacted and 
noncompacted LV segments was assessed using the wall motion score (WMS): 1 = 
normokinesis, 
2 = hypokinesis, 3 = akinesis, 4 = dyskinesis. WMS index was calculated as a ratio of WMS 
and the number of analyzed segments. During evaluations, 16-segment model was used.  
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Measurement of blood pressure values. Systolic and diastolic blood pressure values (SBP 
and DBP, respectively) were measured in supine position with a mercury cuff 
sphygmomanometer on the right arm after 10 minutes of rest. The first and the fifth Korotkoff 
sounds were taken for the SBP and DBP. Coffee, tea, other types of beverages, or cigarettes 
were not used or ingested from half an hour to an hour before the blood pressure 
measurements. The average of three consecutive measurements was accepted. 
 
Evaluation of aortic stiffness parameters. Aortic elastic properties were calculated 
according to the literature (25, 39). Systolic and diastolic ascending aortic diameters (DS and 
DD, respectively) were recorded in M-mode at a level of 3 cm above the aortic valve from 
parasternal long-axis view (Figure 2).  
 
Figure 2. Measurement of systolic (DS) and diastolic (DD) diameters of the ascending 
aorta are shown with M-mode tracing obtained at a level 3 cm above the aortic valve 
from parasternal long-axis view. 
 
 
DS and DD were measured at the time out of maximum aortic anterior motion and at the peak 
of the QRS complex, respectively. All measurements were repeated 3 times, and average data 
were given. The following aortic elastic properties were calculated:  
- Aortic strain = (DS – DD) / DD 
- Aortic stiffness index (β) = ln (SBP / DBP) / [(DS - DD) / DD], where ’ln’ is the natural 
logarithm.  
- Aortic distensibility = 2 x (DS – DD) / [(SBP – DBP) x DD]. 
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Three-dimensional speckle-tracking echocardiography. 3DSTE studies were performed 
with the same Toshiba ArtidaTM echocardiography equipment (Toshiba, Tokyo, Japan) with a 
1-4 MHz matrix phased-array PST-25SX transducer. Within a single breath-hold and during a 
constant RR interval, 6 wedge-shaped subvolumes were acquired from an apical window to 
create full-volume 3D data sets. Chamber quantification was performed using 3D Wall 
Motion Tracking software version 2.7 (Toshiba Medical Systems). The apical two- (AP2CH) 
and four-chamber (AP4CH) views and 3 short-axis views at different LV levels from the base 
to the apex were automatically selected from the real-time 3D echocardiographic pyramidal 
dataset at end-diastole by the software. Two points of the endocardium at the edges of the 
mitral valve and one at the apex were marked manually on the AP2CH and AP4CH views. 
Subsequently, the endocardial surface was manually adjusted in all apical and short-axis 
views. Then, the 3D endocardial surface was automatically reconstructed and tracked in 3D 
space throughout the cardiac cycle. The device calculated the end-diastolic volume (EDV) 
and the end-systolic volume (ESV), ejection fraction (EF) and left ventricular mass. Curves 
were generated by the software for quantification of the 3DSTE peak values of global and 
regional (apical, midventricular and basal) LV rotation and twist (Figures 3, 4) as well as for 
quantification of 3DSTE-derived regional radial (RS), longitudinal (LS), circumferential 
(CS), 3D strain (3DS) and area tracking/strain (AS) values using a 16-segment LV model 
(Figures 5, 6). All rotational and twist values were averaged from three measurements. See 
Table 1 for the list of definitions of different strain parameters. 
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Figure 3. Apical two- and four-chamber views and 3 short axis views at different left 
ventricular levels are presented in a healthy woman (A). Global, apical, midventricular 
and basal regional left ventricular rotation curves detected by three-dimensional 
speckle-tracking echocardiography are demonstrated in a normal case. The adequate 
rotational directions are counterclockwise motion of the left ventricular apex expressed 
with positive values and clockwise rotation of the left ventricular base with negative 
values (B). 
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Figure 4. Apical four-chamber (A) and two-chamber views (B) and 3 short axis views 
(C3, C5, C7) at different levels of the left ventricle (LV) extracted from the three-
dimensional (3D) echocardiographic dataset are presented. A 3D cast of the LV (D) and 
calculated volumetric and functional LV parameters (EDV: end-diastolic volume, ESV: 
end-systolic volume, EF: ejection fraction, estimated LV mass) are also demonstrated 
(E) together with segmental 3D strain curves in a patient with noncompaction 
cardiomyopathy. 
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Figure 5. Radial (A), circumferential (B) and longitudinal (C) time-strain curves of the 
left ventricular segments in a patient with noncompaction cardiomyopathy. The 
provided parameters are percentage values characterizing changes in the lengths of left 
ventricular segments throughout the cardiac cycle. 
 
 
Figure 6. Segmental 3D (A) and area (B) time-strain curves of the left ventricle in a 
patient with noncompaction cardiomyopathy. The provided parameters are percentage 
values characterizing changes in the lengths of left ventricular segments throughout the 
cardiac cycle. 
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Table 1. List of definitions of different strain parameters 
 
Radial strain Strain (%) perpendicular to the endocardial contour. It is 
measured by measuring the radial change in the length 
between the endocardium and the epicardium in short-axis 
views. 
 
Longitudinal strain Strain (%) parallel to the endocardial contour (usually 
negative values for the LV). It is measured in apical long-
axis views to capture the longitudinal movement.  
 
Circumferential strain Strain (%) circumferential to the endocardial contour. It is 
measured in short-axis views by measuring the change in 
length along the circumference of the myocardium.  
 
3D strain Strain (%) in wall thickening. 3DS combines the 
measurements of all three strain parameters (longitudinal, 
circumferential, and radial) as it tracks speckles in 3D, with 
direction and magnitude similar to radial strain. 
 
Area strain Area strain tracks an entire square-shaped area, and 
endocardial area change ratio (%) is calculated as percentage 
change in area. 
 
 
Abbreviations: LV: left ventricle, 3D: three-dimensional, 3DS: three-dimensional strain. 
 
Statistical analysis. Continuous data are expressed as mean ± SD. Categorical data are given 
as absolute numbers or percentages where appropriate. Independent samples Student’s t-test 
was used to compare continuous variables and chi-square test and Fisher’s exact test were 
used to compare categorical ones. Numerical correlations were established by Pearson’s 
correlation. For all tests, p < 0.05 was considered to be statistically signiﬁcant. MedCalc 
software was used for statistical calculations (MedCalc, Mariakerke, Belgium).  
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4. Results 
4.1. Correlations between echocardiographic aortic elastic properties and left 
ventricular rotation and twist 
 
Patient population. The current study comprised of 26 healthy subjects (mean age: 
34.5 ± 9.8 years, 13 males). In all cases, complete Doppler transthoracic echocardiography 
was performed with the evaluation of aortic elastic properties and 3DSTE. None of the 
subjects had any known disease which could have affected our results. 
 
2D echocardiography. Transthoracic 2D echocardiographic data and aortic elastic properties 
of the healthy subjects are presented in Table 2. None of the subjects had significant 
(> grade 1) valvular insufficiency or stenosis.  
 
Table 2. Echocardiographic data and elastic properties of the subjects 
Parameter Value 
LV diastolic diameter (mm) 46.2 ± 4.9 
LV systolic diameter (mm) 29.6 ± 4.6 
LV diastolic volume (ml) 100.1 ± 25.1 
LV systolic volume (ml) 34.1 ± 13.2 
Interventricular septum (mm) 10.2 ± 2.3 
LV posterior wall (mm) 10.6 ± 2.1 
LV ejection fraction (%) 65.8 ± 8.2 
DS (mm) 33.1 ± 3.9 
DD (mm) 28.9 ± 3.3 
DS-DD (mm) 4.13 ± 2.33 
Aortic strain  0.131 ± 0.094 
Aortic distensibility (cm²/dynes 10-6) 3.61 ± 2.54 
Aortic stiffness index 4.08 ± 0.79 
 
Abbreviations: LV: left ventricular, DS: systolic diameter of the ascending aorta, DD: 
diastolic diameter of the ascending aorta 
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3DSTE. During 3DSTE, basal LV rotation proved to be -2.42 ± 1.43 degree, while apical LV 
rotation was 8.56 ± 1.43 degree, therefore LV twist was 11.01 ± 5.19 degree.  
 
Correlations between LV rotational parameters and aortic elastic properties. Apical LV 
rotation correlated with aortic distensibility (r = -0.36, p < 0.05) and aortic stiffness index 
(r = 0.41, p < 0.05). LV twist showed similar correlation with aortic stiffness index (r = 0.42, 
p < 0.05). No correlation was demonstrated between other 2D echocardiographic data and 
echocardiographic aortic elastic properties. 
 
4.2. Identification of left ventricular ‘rigid body rotation’ by three-dimensional speckle-
tracking echocardiography in a patient with noncompaction of the left ventricle 
 
We present a 58 year-old woman, who was referred to our Catheterization Laboratory due to 
3 months’ history of effort dyspnea and chest pain. Chronic obstructive pulmonary disease, 
left bundle branch block, mitral regurgitation, hyperlipidaemia, spondylosis and osteoporosis 
were in her past medical history. Seven years ago, coronary angiography was performed due 
to chest pain with negative result. Recently, repeated cardiac catheterization found normal 
epicardial coronary arteries again. For demonstrative purposes, 3D echocardiographic images 
of a 51 year-old woman without known cardiovascular diseases are also presented.   
During 2D transthoracic echocardiographic evaluation, diffuse myocardial lesion and 
severely reduced LV function with EF of 22% were found. Color Doppler echocardiography 
identified hypertrabecularization of the LV apex, anterior, lateral and posterior walls with 
deep intertrabecular recesses confirming the diagnosis of NCCM in accordance with the 
guidelines (Figure 7).  
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Figure 7. Identification of left ventricular wall hypertrabecularizations (see arrows) and 
intertrabecular recesses (see dashed arrows) by two-dimensional echocardiography (A) 
with color Doppler imaging (B-D) in apical 4-chamber (A, B), cross-sectional (C) and 
apical 3-chamber views (D) suggesting noncompaction of the left ventricle in the present 
case. 
Abbreviations: Ao: ascending aorta, LV: left ventricle, LA: left atrium, RV: right ventricle, 
RA: right atrium. 
 
For a better evaluation of NCCM, 3DSTE was performed using a 1-4 MHz matrix 
phased-array transducer. The AP2CH, AP4CH, and 3 short axis views at different LV levels 
from the base to the apex were automatically selected from the real-time 3D 
echocardiographic pyramidal dataset at end-diastole by the software (Figures 8A and 9A). 
Two points of the endocardium at the edges of the mitral valve and one at the apex were 
marked manually on the apical four- and the orthogonal two-chamber views. Subsequently, 
the endocardial surface was manually adjusted in all the apical and short-axis views. Then, the 
3D endocardial surface was automatically reconstructed and tracked in 3D space throughout 
the cardiac cycle. Curves were generated by the software for quantification of the 3DSTE 
peak values of global and regional (apical, midventricular and basal) LV rotation and twist 
(Figures 8B and 9B). Results of the present NCCM case suggested movement of all regions in 
almost the same clockwise direction.  
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Figure 8. The apical two- and four-chamber views and 3 short axis views at different left 
ventricular levels from the base to the apex were automatically selected from the real-
time 3-dimensional echocardiographic pyramidal dataset by the software (A). Curves 
for quantification of global and regional (apical, midventricular and basal) left 
ventricular rotation detected by three-dimensional speckle-tracking echocardiography 
in a patient with noncompaction of left ventricle. All peak values of left ventricular 
rotation were negative demonstrating clockwise movement of all regions in this case 
suggesting left ventricular ‘rigid body rotation’ (B). 
 
 
 
Figure 9. The apical two- and four-chamber views and 3 short axis views at different left 
ventricular levels are presented in a healthy woman (A). Global and apical, 
midventricular and basal regional left ventricular rotation curves detected by three-
dimensional speckle-tracking echocardiography are demonstrated. In a normal case, the 
adequate rotational directions are counterclockwise motion of the left ventricular apex 
expressed with positive values and clockwise rotation of the left ventricular base with 
negative values (B). 
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4.3. Left ventricular strain reduction is not confined to the noncompacted segments in 
noncompaction cardiomyopathy 
 
Patient population. The present study comprised of 9 patients with typical features of 
NCCM. Due to the limited image quality, one patient was excluded from the evaluations. 
Finally, 128 segments of 8 NCCM patients were assessed. Their results were compared to 
176 segments of 11 healthy volunteers. Clinical characteristics of NCCM patients and 
controls are presented in Table 3.  
 
Table 3. Clinical and two-dimensional echocardiographic characteristics of 
noncompaction cardiomyopathy patients and controls 
 
 NCCM patients 
(n = 8) 
Controls 
(n = 11) 
Risk factors   
  Age (years) 62.0 ± 8.2 60.5 ± 7.3 
  Male gender (%) 3 (38) 2 (19) 
  Diabetes mellitus (%) 1 (13 0 (0) 
  Hypertension (%) 4 (50)* 0 (0) 
  Hypercholesterolaemia (%) 2 (25) 0 (0) 
 Medications   
  β-blockers (%) 8 (100)* 0 (0) 
  ACE-inhibitors (%) 7 (88)* 0 (0) 
  Diuretics (%) 7 (88)* 0 (0) 
 Two-dimensional echocardiography   
  LV end-diastolic diameter (mm) 67.5 ± 12.3* 45.8 ± 8.4 
  LV end-diastolic volume (ml) 229. 4 ± 87.7* 101.2 ± 44.3 
  LV end-systolic diameter (mm) 53.0 ± 14.4* 28.0 ± 3.5 
  LV end-systolic volume (ml) 141.8 ± 73.8* 30.4 ± 9.5 
  Interventricular septum (mm) 10.6 ± 2.1 9.7 ± 1.6 
  LV posterior wall (mm) 10. 0 ± 1.5 9.5 ± 0.9 
  LV ejection fraction (%) 35.9 ± 13.6* 68.0 ± 6.1 
  Number of noncompacted segments 6.8 ± 1.9 - 
Abbreviations: ACE: angiotensin-converting enzyme, LV: left ventricular, NCCM: 
noncompaction cardiomyopathy.  
*p < 0.0001 vs. controls 
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2D echocardiography. Standard 2D echocardiographic data are summarized in Table 3. 
55 out of 128 LV segments (43%) proved to be noncompacted in NCCM patients, while 
73 segments were compacted. The WMS index was significantly abnormal in the compacted 
LV segments of NCCM patients as compared to controls, and further reduction could be 
detected in noncompacted segments (1.70 ± 0.33 vs. 2.56 ± 0.30,  p < 0.05). Characteristics of 
LV wall motion contractility of noncompacted and compacted segments are reported in 
Table 4. No relationship was found between the number of noncompacted segments per 
patient and LV EF (r = -0.06, p = 0.89) or other 2D echocardiographic data. 
 
Table 4. Comparison of wall motion characteristics of compacted and noncompacted 
segments in patients with noncompaction cardiomyopathy  
 
 Noncompacted 
segments 
(n = 55) 
Compacted 
segments 
(n = 73) 
 
p value 
Normokinesis (%) 0 (0) 29 (40) < 0.0001 
Hypokinesis (%) 31 (56) 40 (55) 0.99 
Akinesis (%) 20 (36) 2 (3) < 0.0001 
Dyskinesis (%) 4 (7) 2 (3) 0.40 
 
 
3DSTE. All strain parameters of segments of NCCM patients were significantly lower 
compared to controls. Only RS and 3DS showed further reduction in noncompacted segments 
compared to compacted segments. Other strain values were similarly lower in compacted and 
noncompacted segments as compared to controls (Table 5).  
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Table 5. Regional three-dimensional speckle-tracking echocardiography-derived strain 
parameters of segments of noncompaction cardiomyopathy patients and controls 
 
 Noncompacted 
segments 
(n = 55) 
Compacted 
segments  
(n = 73) 
Controls 
(n = 176) 
    
Radial strain (%) 6.99 ± 7.36*† 12.58 ± 12.78* 25.24 ± 11.76 
Longitudinal strain (%) -8.06 ± 5.21* -7.82 ± 4.19* -13.07 ± 3.89 
Circumferential strain (%) -11.37 ± 5.44* -10.49 ± 6.34* -21.85 ± 2.21 
Three-dimensional strain (%) 7.79 ± 7.59*† 14.67 ± 14.04* 27.78 ± 12.57 
Area strain (%) -18.68 ± 8.42* -16.19 ± 8.00* -29.05 ± 14.18 
 
*p < 0.001 vs. controls 
†p < 0.05 vs. compacted segments 
 
 
4.4. Comparative evaluation of left ventricular function by two-dimensional 
echocardiography and three-dimensional speckle-tracking echocardiography in 
noncompaction cardiomyopathy 
 
Patient population. Seven NCCM patients (average age: 62.9 ± 8.5 years, 3 males) were 
studied with 2D Doppler echocardiography and 3DSTE. Our results were compared with 
10 age-, and gender-matched controls (average age: 60.7 ± 7.7 years, 2 males). No significant 
difference was detected between the two groups regarding age and gender. Classical risk 
factors were not present in the controls, but two NCCM patients had diabetes mellitus (28%) 
and two NCCM patients had hypercholesterolaemia (28%). 
 
2D echocardiography vs. 3DSTE. Standard 2D echocardiography data and corresponding 
3DSTE data are summarized in Table 6. Lower end-diastolic LV volume and lower LV EF 
were measured with 3DSTE compared with those measured with 2D echocardiography. 
Increased volumes and decreased EF were measured in case of NCCM in our examinations. 
48 (42.9%) segments of the 112 segments of the seven NCCM patients were noncompacted, 
and 64 (57.1%) segments were compacted. There was no correlation between the number of 
noncompacted segments and LV EF or any other parameters measured with 2D 
echocardiography and 3DSTE (r = –0.03, p = 0.96; r = 0.34, p = 0.45).  
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Table 6. Two-dimensional echocardiographic and three-dimensional speckle-tracking 
echocardiographic data of the studied patient groups 
 
 NCCM patients Controls 
 2DE 3DSTE 2DE 3DSTE 
LV EDD (mm) 68.2 ± 13.1* – 46.5 ± 8.6 – 
LV EDV (ml) 233.9 ± 93.7*† 205.1 ± 58.2*† 104.6 ± 45.1† 71.8 ± 14.1 
LV ESD (mm) 54.1 ± 15.2* – 28.2 ± 3.7 – 
LV ESV (ml) 148.8 ± 76.8*† 151.8 ± 35.9*† 30.8 ± 9.9 29.7 ± 2.6 
IVS (mm) 10.4 ± 2.2 – 9.9 ± 1.6 – 
LV PW (mm) 10.0 ± 1.6 – 9.5 ± 1.0 – 
LV EF (%) 33.4 ± 12.6*† 24.7 ± 9.5*† 68.8 ± 6.0† 56.9 ± 8.3 
 
Abbreviations: 2DE = two-dimensional echocardiography; 3DSTE = three-dimensional 
speckle-tracking echocardiography; LV = left ventricle; NCCM = noncompaction 
cardiomyopathy. EDD: end-diastolic diameter, EDV: end-diastolic volume, ESD: end-systolic 
diameter, ESV: end-systolic volume, IVS: Interventricular septum, PW: posterior wall, EF: 
ejection fraction 
*p < 0.05 vs. 2DE (controls) 
†p < 0.05 vs. 3DSTE (controls) 
 
Strain parameters calculated with 3DSTE. The average value of strain parameters of all 
segments of NCCM patients was significantly decreased compared with the control value 
irrespective of whether the segment was compacted or not (Table 7). RS and 3DS showed 
further decrease in case of noncompacted segments compared with compacted segments.  
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Table 7. Strain and rotation parameters measured with three-dimensional speckle-
tracking echocardiography in noncompaction cardiomyopathy and in controls 
 
 Noncompacted 
segments 
(n = 48) 
Compacted 
segments  
(n = 64) 
Controls 
(n = 160) 
    
Radial strain (%) 7.5 ± 7.5*† 13.3 ± 13.3* 25.1 ± 13.7 
Longitudinal strain (%) –8.1 ± 4.0* –8.0 ± 4.0* –12.8 ± 7.00 
Circumferential strain (%) –11.3 ± 5.6* –11.3 ± 6.1* –21.1 ± 11.3 
Three-dimensional strain (%) 8.1 ± 7.8*† 15.5 ± 14.6* 27.7 ± 14.8 
Area strain (%) –18.5 ± 8.4* –17.2 ± 7.3* –27.7 ± 15.6 
 
*p < 0.05 vs. controls 
†p < 0.05 vs. compacted segments 
 
Rotational parameters calculated with 3DSTE. Rotational parameters calculated with 
3DSTE confirmed the fact that the basal and apical segments of the LV move towards the 
same direction in NCCM in all cases, that is the real twist is absent. Counterclockwise 
rotation of the LV was confirmed in five cases, and clockwise rotation was found in two 
cases. In both cases, the extent of twisting was significantly decreased compared with the 
control values (Table 8). 
 
 
Table 8. Rotational and twist parameters with three-dimensional speckle-tracking 
echocardiography in noncompaction cardiomyopathy and in controls 
 
 NCCM patients Controls 
 Rotation in 
counterclockwise 
direction 
(n = 5) 
Rotation in 
clockwise 
direction 
(n = 2) 
 
(n = 5) 
    
Basal rotation (°) 3.61 ± 3.59*† –4.10 ± 1.12 –2.54± 2.10 
Apical rotation (°) 8.18 ± 5.90* –6.44 ± 5.64† 8.25 ± 1.37 
Left ventricular twist (°) 5.50 ± 4.21*† –2.58 ±2.74† 10.81 ± 2.01 
 
*p < 0.05 vs. rotation in clockwise direction (NCCM) 
†p < 0.05 vs. controls 
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4.5. Quantification of changes in septal strain after alcohol septal ablation in 
hypertrophic obstructive cardiomyopathy 
 
Case study 1. A case of a 55-year-old male patient with obstructive HCM undergoing alcohol 
septal ablation is presented. Typical asymmetric septal hypertrophy with thickened 
interventricular septum (maximal end-diastolic thickness [MEDT]: 24 mm) was confirmed 
with transthoracic 2D echocardiography. Resting peak LV outflow tract (LVOT) gradient was 
88 mmHg, which increased to 118 mmHg during Valsalva manoeuvre. Regarding the 
symptoms and NYHA III functional class of the patient (shortness of breath, perspiration, 
chest pain, palpitations), PTSMA was performed according to established protocols. The first 
septal branch was selected for ablation which was occluded by 2x10 mm over the wire PCI 
balloon, and contrast echocardiography was performed. Contrast accumulation was detected 
only in the hypertrophied part of the septum involving the site of septum-anterior mitral 
leaflet contact. Two ml alcohol was injected slowly into the septal branch, during which no 
ventricular arrhythmia or AV block was detected. Post-procedural resting peak LVOT 
gradient was 28 mmHg and a rise of 839 U/l in creatine kinase (CK) value (normal range:  
< 195 U/l) was observed. 
3DSTE was performed 1 day before and 3 days after PTSMA to quantify changes in 
septal strain of the ablated area. Strain curves of basal, midventricular and apical septum are 
presented in Figures 9 and 10. RS and CS (Figure 9) and LS and 3DS (Figure 10) curves 
showed significant changes in basal segments of the septum (see white arrows).  
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Figure 9. Radial and circumferential strain curves of the basal, midventricular and 
apical septum are presented 1 day before and 3 days after percutaneous transluminal 
septal myocardial ablation in a patient with hypertrophic obstructive cardiomyopathy. 
White arrows are demonstrating changes in strain values of the basal septum. 
Abbreviation: PTSMA: percutaneous transluminal septal myocardial ablation 
 
 
Figure 10. Longitudinal and 3D strain curves of the basal, midventricular and apical 
septum are presented 1 day before and 3 days after percutaneous transluminal septal 
myocardial ablation in a patient with hypertrophic obstructive cardiomyopathy. White 
arrows are demonstrating changes in strain values of the basal septum. 
Abbreviation: PTSMA: percutaneous transluminal septal myocardial ablation 
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Post-procedural cardiac magnetic resonance imaging confirmed scar formation in the targeted 
septal area (Figure 11).  
 
Figure 11. Postprocedural magnetic resonance imaging confirmed scar formation in the 
targeted septal area. White arrow demonstrates infarction of the basal segment of the 
septum. 
 
 
 
Case study 2. A 62-year-old male patient with combined aortic stenosis and obstructive HCM 
undergoing PTSMA is presented. Due to significant aortic stenosis (mean aortic gradient: 57 
mmHg, LVOT gradient: 35 mmHg), aortic valve replacement with a mechanical valve 
(Carpentier-Edwards Peirmount A-21 mm) was successfully performed 18 months before 
PTSMA. Effort dyspnea persisted after the operation, therefore control echocardiography was 
performed that showed 18 mmHg valvular gradient and 68 mmHg subvalvular LVOT 
gradient (septal MEDT: 24 mm). During semi-supine stress treadmill test, 61 mmHg resting 
LVOT gradient increased to 108 mmHg. During PTSMA, the first septal branch was ablated 
after contrast echocardiography which showed contrast accumulation only in the basal 
septum. Post-procedural resting peak LVOT gradient was 27 mmHg and a CK rise of 499 U/l 
was noted. 3DSTE-derived strain parameters showed similar alterations following PTSMA as 
in Case 1. 
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5. Discussion 
 
5.1. Correlations between echocardiographic aortic elastic properties and left 
ventricular rotation and twist 
 
To the best of authors’ knowledge, this is the first study in which relationship between 
3DSTE-derived LV rotational and twist parameters and echocardiographic aortic elastic 
properties were examined. Significant correlations could be demonstrated between LV 
rotational mechanics and aortic elasticity parameters in a healthy population.  
The LV twist is the result of the movement of two orthogonally oriented mascular 
bands of a helical myocardial structure with consequent clockwise rotation of the LV base and 
counterclockwise rotation of the LV apex (22, 40, 41). LV twist is suggested as an important 
index of contractility and aids in generating suction power in early diastole (41-43). 
According to Nakatani, rotation and twist is governed by the following main factors (42): 
- the degree of contraction and relaxation of the myocardium 
- the balance between contraction of the subendocardium and subepicardium 
- orientation of the myocardial fibers 
Moreover, there are some other physiological variables influencing LV twist 
mechanics: LV twist is greater with higher preload, increasing with LV contractility, exercise 
and together with age, but LV twist is lower with higher afterload (41). 
3DSTE is a non-invasive, simple and easy-to-learn tool which is based on tracking and 
measurement of tissue displacement in the 3D space (26). It has just been introduced and has 
been developed to reduce some shortcomings of the 2DSTE (44). In a recent study, 3DSTE 
was found to be feasible for the assessment of LV rotational and twist parameters (45). 
However, limited number of papers is available analyzing LV rotational and twist parameters 
by 3DSTE currently. 3DSTE showed relatively lower reproducibility and slightly better 
accuracy compared with the 2DSTE (21). Urbano-Moral et al. have demonstrated that 
patients with hypertrophic cardiomyopathy show increased peak LV twist which is mainly 
dependent on the apical rotation of those with LV outflow tract obstruction, onset of torsion 
recoil occurring close to the aortic valve closure, limited completion of untwist during early 
diastole, and delayed peak untwist velocity (22).  
Aortic stiffening is a common feature of human aging and is exacerbated by different 
disorders (24). Aortic stiffening may contribute to pathological changes in the LV by 
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increasing central aortic SBP, decreasing central aortic DBP, therefore increasing LV 
afterload. Increased LV afterload may promote LV hypertrophy, impair LV relaxation leading 
to LV diastolic dysfunction. Reduction in DBP may compromise coronary perfusion leading 
to subendocardial ischaemia (24). However, its effect on LV wringing motion has not been 
widely investigated. 
There are several ways to characterize aortic stiffness including analysis of pulse 
waves (measurement of pulse wave velocity) or calculating a parameter in which two 
important variables is noted: the change in volume due to blood injection in the aorta 
(measurement of DS and DD), and the pressure change caused by this volume change 
(measurement of SBP and DBP) (25). Several echocardiographic aortic elastic properties 
could be calculated including aortic strain, distensibility and stiffness index using these 
values.  
The current study aimed to assess the relationship between echocardiographic aortic 
elastic properties and 3DSTE-derived LV rotation and twist. Aortic stiffness index showed 
significant positive correlations with apical LV rotation and LV twist suggesting that higher 
aortic stiffness is associated with larger apical LV rotation and LV twist, even in healthy 
subjects. Aortic distensibility had a significant negative correlation with apical LV rotation 
confirming these findings. These results could suggest a compensatory increase in LV 
twisting against increasing aortic stiffness. However, further studies are warranted with other 
methods confirming our findings, even in healthy volunteers. In conclusion, correlations exist 
between aortic elastic properties and left ventricular rotation and twist in healthy subjects. 
 
Study limitations. However, some important limitations should be taken into consideration 
analyzing our results: 
(1) The blood pressure measured in the brachial artery may be different from the pressures 
in the ascending aorta, due to pulse pressure amplification towards the periphery. 
However, the results obtained by the echocardiographic method used correlate well 
with those from invasive methods (39).  
(2) 3DSTE is a novel clinical procedure the validation of which is in progress, and 
therefore it is not complete, additional examinations are required.  
(3) Temporal resolution of 3D acquisition for speckle-tracking analysis is low as 
compared to 2D echocardiography, which can affect the good tracking of speckles. 
Moreover, to achieve rapid frame or volume rates, the 3D sector angle must be 
reduced in most of cases which could aggravate the evaluation of the LV (22, 46).  
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(4) This was a single-centre experience and limited by a relatively small number of 
healthy volunteers. The study would have been statistically stronger, if larger number 
of subjects had been evaluated. 
(5) Due to the fact that little is known about the factors affecting rotational mechanics of 
the heart, heterogeneity of the population, including etiological parameters (age, 
gender etc.) could also affect the results (46).  
(6) It was not aimed to evaluate the relationship between other characteristics of LV 
systolic and diastolic function and aortic elasticity parameters in this healthy 
population. 
 
5.2. Identification of left ventricular ‘rigid body rotation’ by three-dimensional speckle-
tracking echocardiography in a patient with noncompaction of the left ventricle 
 
LV twist is defined as the net difference between apical and basal rotation values as 
described above. STE could show dynamics, magnitudes and timing of LV rotation and 
torsion mechanics independently of both cardiac translation and beam angle. STE is based on 
frame-by-frame tracking of speckle patterns created by interference of the ultrasound beam 
within the myocardial tissue. 2DSTE has been validated against sonomicrometry and tagged 
magnetic resonance imaging to assess LV twist (47). However, 2DSTE has several limitations 
including to be affected by the use of foreshortened apical views and geometric assumptions. 
Moreover, there is a limited ability to track motion occurring within the imaging plane due to 
3D motion of the cardiac tissue (48). 3DSTE has just been introduced, and found to be an 
accurate method for the evaluation of LV rotation mechanics (49). Andrade et al. found 
3DSTE to be feasible to assess LV rotation and therefore twist deformation (45). In a recent 
study using 2DSTE, LV basal and LV apical rotations were in the same direction with near 
absence of LV twist in NCCM patients (33). Moreover, this ‘rigid body rotation’ was found to 
be an objective, quantitative, and reproducible functional criterion with good predictive value 
for the diagnosis of NCCM (50). To the best of authors’ knowledge this is the first time 
confirming LV ‘rigid body rotation’ in an NCCM patient by 3DSTE.  
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5.3. Left ventricular strain reduction is not confined to the noncompacted segments in 
noncompaction cardiomyopathy 
 
In the present study, it was aimed to evaluate different contributions of noncompacted 
and compacted segments to the global LV systolic dysfunction in NCCM patients by 3DSTE. 
To the best of authors’ knowledge, this is the first time when 3DSTE-derived strain 
parameters were analyzed in cases with typical features of NCCM. All 3DSTE-derived strain 
parameters proved to be significantly decreased in all segments of NCCM patients as 
compared to segments of controls. Moreover, RS and 3DS showed further reduction in 
noncompacted segments compared to compacted segments in NCCM patients.  
NCCM is a new pathoanatomic entity, disputably believed to result from abnormal 
arrest in embryonic endomyocardial morphogenesis (51). Our understanding of NCCM is 
limited, only few studies are available evaluating contributions of noncompacted and 
compacted segments to the global LV dysfunction. In a recent study, results of Lofiego et al. 
suggested that noncompacted and compacted LV segments provide different contributions to 
overall systolic LV dysfunction (52). In another volumetric RT3DE study, noncompacted and 
compacted LV segments had comparably increased regional volumes and reduced systolic 
function suggesting that systolic LV dysfunction in NCCM is not confined to the 
noncompacted segments (34).  
Recently, LV myocardial deformation was found to be decreased in the longitudinal 
and circumferential dimensions by 2DSTE in NCCM children (53). Moreover, most accurate 
speckle myocardial imaging modalities to discriminate between NCCM patients and controls 
were longitudinal systolic strain of the six apical segments, LV apical rotation and LV torsion 
rate (54). Our results are partially in agreement with these findings, but 3DSTE allowed more 
detailed insights into pathophysiology of NCCM demonstrating alterations in all ’simple’ and 
’complex’ strain parameters.  
3DSTE uses a different 3D speckle tracking–based method to assess cardiac volumes 
when compared to direct volumetric RT3DE (55). However, only a limited number of 3DSTE 
studies are available in which NCCM patients were examined currently (56, 57). Results of 
the present study could draw attention to the quantitative evaluation of wall motion 
abnormalities by 3DSTE-derived strain analysis, especially in special cardiomyopathies. In 
conclusion, left ventricular strain reduction is not confined to the noncompacted segments in 
noncompaction cardiomyopathy. Radial strain and 3D strain parameters show further 
reduction in noncompacted segments compared to compacted segments. 
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Study limitations. However, some important factors should be taken into consideration 
analyzing our results in addition to the above mentioned limitations: 
(1) Due to the nature of noncompacted myocardium with a very difficult fiber orientation, 
calculation of regional deformation is very difficult, which should always be taken 
into account during evaluations. 
(2)  This study did not evaluate 3DSTE-derived rotational and twist parameters (22, 41). 
(3) The normal range of different strain parameters has not been clarified in the literature 
because the values vary by vendor. Our results are similar to other studies and the 
lower rate of RS may be due to different technology (59).  
 
5.4. Comparative evaluation of left ventricular function by two-dimensional 
echocardiography and three-dimensional speckle-tracking echocardiography in 
noncompaction cardiomyopathy 
 
NCCM is often accompanied by LV dysfunction or heart failure, and the treatment of 
malignant arrhythmias and thromboembolic events may pose serious problems as well. The 
potential role of compacted and noncompacted segments in the development of LV 
dysfunction in NCCM is an important question. 
Currently, there are few publications about 3DSTE studies of NCCM patients, but the 
number of publications is expected to increase regarding the spreading of the method and the 
increasing number of patients diagnosed with NCCM (56, 57). 
In our examinations, higher LV volumes and lower EF were measured in NCCM. 
End-diastolic volumes measured with 3DSTE were lower compared with 
2D echocardiography, while end-systolic values were similar. This may have been the reason 
for lower EF values measured with 3DSTE measurements. Parameters measured with 3DSTE 
were primarily compared with results of magnetic resonance studies before with proper 
inter- and intra-observer variability; although volumes were lower in those studies as well (48, 
60, 61). 
3DSTE is suitable for determining volumetric data as well as for quantitatively 
characterizing global and regional wall motions (6, 58, 62-64). This method can be used to 
determine numeric strain parameters regarding the whole LV and to characterize contraction-
relaxation of certain segments as demonstrated in the previous chapter (5.3) (6, 62-64). In 
accordance with 3D movement-contraction of the LV, three different ‘standard’ strain 
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parameters are differentiated: RS  (radial shortening), LS (longitudinal shortening) and CS 
(cross-sectional shortening) (58). In addition, two combined strain parameters can also be 
calculated with 3DSTE: AS (combination of longitudinal and circumferential shortening, 
tracking a rectangular-shaped area in 3D throughout the heart cycle) and 3DS (combination of 
the three ‘standard’ strain parameters) (58). Our results confirmed that all above listed strain 
parameters were significantly different in case of NCCM in compacted and noncompacted 
segments as well. RS and 3DS were further reduced in the noncompacted segments. These 
results may draw attention to the fact that not only the noncompacted segments can be 
responsible for LV dysfunction in NCCM. Our results are in line with a previous RT3DE 
study where similarly increased segmental LV volumes and decreased segmental EF were 
found in compacted and noncompacted segments in NCCM (34). 
 In healthy adult hearts, the basal segment of the LV rotates in clockwise direction in 
systole, while the apex moves in counter-clockwise direction (65), this movement is called 
twisting. 3DSTE was found to be a suitable method for the quantitative measurement of 
twisting (45, 49). While counter-clockwise apical rotation does not change with age, the 
direction of basal rotation changes from counter-clockwise direction seen in infants to 
clockwise rotation in adults (41). Based on previous 2DSTE studies, it was suggested that 
twist is absent in NCCM, the LV ‘rotates’ as a rigid body (66). This movement was called 
‘rigid body rotation’ in the English literature, its prognostic value was confirmed as well (50). 
We have confirmed this movement in an NCCM patient with 3DSTE before in a case report 
(57, and chapter 5.2). In our present study, rigid body rotation could be confirmed in all of our 
patients. It seems that changes in basal rotation with age were absent in the majority of our 
NCCM patients, and the direction of basal rotation remained counter-clockwise. Interestingly, 
basal and apical rotations occurred in clockwise direction in two cases. In conclusion, left 
ventricular function and contractility of the left ventricular segments are significantly 
decreased in noncompaction cardiomyopathy. Left ventricular twist is missing in NCCM. 
 
Study limitations. However, some important limitations should be taken into consideration 
analyzing our results in addition to the above mentioned limitations: 
(1) Orientation of myocardial fibers in an NCCM heart is complicated and it is not 
completely known yet, which makes calculation of strain, rotational and twist 
parameters more difficult. 
(2) Defining the LV cavity may be more difficult in NCCM due to the trabeculations. In 
our practice, all recesses are considered to be cavities with 100% EF, therefore the 
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cavities of the recesses are not considered when defining the edge of the LV 
endocardium. 
(3) Strain parameters of controls may be lower than literature data, it is the consequence 
of the basics of 3DSTE, the exact explanation for this is not known yet (59). 
(4) The aim of our current study was to examine the LV, although 3DSTE may be a 
suitable method to analyze the atria or even the right ventricle as well. 
(5) Based on currently available information, LV dyssynchrony can also be characterized 
with 3DSTE, but literature data is limited and not consistent, therefore it was not 
examined in our current study. 
 
5.5. Quantification of changes in septal strain after alcohol septal ablation in 
hypertrophic obstructive cardiomyopathy 
 
The results of our cases could suggest the possible role of 3DSTE in the quantitative 
evaluation of the success of PTSMA. At this moment, there are only a few number of studies 
in which STE was used for LV strain assessments in HCM. Despite apparently normal left 
ventricular systolic function, all components of 2DSTE-derived strain were significantly 
reduced in a subset of patients with familial nonobstructive HCM (67). In contrast, HCM 
patients had higher circumferential and lower longitudinal strain compared with control 
subjects using 2D velocity vector imaging in another study (68). Moreover, Reddy et al. 
reported 2 cases of apical HCM in which 2DSTE revealed paradoxical longitudinal strain 
(systolic lengthening) in the apical segments (69).  
3DSTE is a new methodology trying to summarize advantages of both 3D 
echocardiography and STE. 3DSTE can measure all rotational and strain parameters of all LV 
segments from a single acquisition (69). Moreover, 3DSTE is an angle independent tool, and 
do not suffer from strain estimation errors associated with out-of-plane motion suggesting 
more precise calculations (70). 3DSTE enables the examiner to identify the longest LV 
diameter in 2 long-axis images perpendicular to each other, thus avoiding foreshortening of 
the LV (71). However, at this moment 3DSTE depends on the quality of 2D images used for 
acquisition and suffers in lower spatial and temporal resolution (69, 70, 72).  
To the best of authors’ knowledge this is the first time to examine the changes of 
3DSTE-derived strain parameters following successful PTSMA in obstructive HCM patients. 
At this moment it is not obvious how this method will change the management or 
prognostication of PTSMA. However, results could highlight our attention on the 
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quantification of the success of PTSMA by the above mentioned 3DSTE-derived strain 
parameters, but further studies are warranted in series of obstructive HCM patients.   
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6. Conclusions (new observations) 
 
Correlations exist between echocardiographic aortic elastic properties and 3DSTE-derived LV 
rotation and twist in healthy subjects. 
 
3DSTE seems to be a reliable method to confirm LV rigid body rotation in NCCM.  
 
Left ventricular strain reduction is not confined to the noncompacted segments in 
noncompaction cardiomyopathy. Radial and 3D strain parameters show further reduction in 
noncompacted segments compared to compacted segments. 
 
High prevalence of the absence of LV twist (LV “rigid body rotation”) could be demonstrated 
in a series of NCCM patients. 
 
The possible role of 3DSTE is suggested in the quantitative evaluation of the success of 
PTSMA by strain analysis.  
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